Background-Risk-stratifying heart failure patients for primary prevention implantable cardioverter-defibrillators (ICDs) remains a challenge, especially for blacks, who have an increased incidence of sudden cardiac death but have been underrepresented in clinical trials. We hypothesized that the S1103Y cardiac sodium channel SCN5A variant influences the propensity for ventricular arrhythmias in black patients with heart failure and reduced ejection fraction. Methods and Results-Blacks (nϭ112) with ejection fractions Ͻ35% receiving primary prevention ICDs were identified from the Duke Electrophysiology Genetic and Genomic Studies (EPGEN) biorepository and followed for appropriate ICD therapy (either antitachycardia pacing or shock) for documented sustained ventricular tachycardia or fibrillation. The S1103Y variant was overrepresented in patients receiving appropriate ICD therapy compared with subjects who did not (35% versus 13%, Pϭ0.03). Controlling for baseline characteristics, the adjusted hazard ratio using a Cox proportional hazard model for ICD therapy in Y1103 allele carriers was 4.33 (95% confidence interval, 1.60 to 11.73, PϭϽ0.01). There was no difference in mortality between carriers and noncarriers. Conclusions-This is the first report that the S1103Y variant is associated with a higher incidence of ventricular arrhythmias in blacks with heart failure and reduced ejection fraction.
Clinical Perspective on p 168
Genetic-based risk stratification offers the potential for both identifying high-risk patients who do not qualify for primary prevention strategies and excluding low-risk individuals who do. Although a diverse array of genetic loci have been associated with SCD, ion channel genes are particularly intriguing candidates as they underlie the vast majority of inherited arrhythmias. 7 Moreover, a sizable percentage of ion channel mutations only elicit a proarrhythmic phenotype in the setting of environmental stressors such as exposure to a QT-prolonging medication. 8 Thus, we hypothesize that mutations in ion channels could contribute to the acquired arrhythmias in heart failure.
For blacks, the common variant S1103Y in the cardiac sodium channel gene SCN5A has been associated with a predisposition to acquired arrhythmias and was a candidate for testing our hypothesis. The S1103Y variant, found almost exclusively in people of African descent and present in 13% of blacks, has been associated in multiple studies with life-threatening arrhythmias in the setting of provocative environmental stimuli, such as QT-prolonging medications. 9 In addition, this mutation has been associated with both sudden infant death syndrome 10, 11 and SCD in the presence of mild to moderate cardiomegaly. 12 In the present report, we tested whether the S1103Y variant was associated with the occurrence of arrhythmias in blacks with heart failure and reduced ejection fraction.
Methods

Study Population
The Duke Electrophysiology Genetic and Genomic Studies (EPGEN) biorepository is a prospective, single-center repository that archives DNA, RNA, and protein samples obtained at the time of an electrophysiological evaluation or intervention. 13 Demographic, laboratory, and cardiovascular risk factor data are collected at the time of ICD implantation. Device type was determined by the implanting operator and was not restricted by manufacturer. ICD programming and follow-up intervals were left to the discretion of the treating electrophysiologist. Between May 2005 and April 2008, 137 consecutive self-identified black patients aged 18 or older undergoing ICD placement for purposes of primary prevention with a left ventricular ejection fraction Ͻ35% were identified. Twenty-three subjects were excluded because of insufficient clinical follow-up variables or insufficient DNA. Two were excluded because of suspected or confirmed inherited arrhythmia syndromes.
Follow-Up and Classification of Events
Patients were classified as having received appropriate ICD therapy if they had antitachycardia pacing or shock for documented sustained ventricular tachycardia or ventricular fibrillation. Patients who only received inappropriate ICD therapy or did not receive any antitachycardia pacing or shock were classified as having no appropriate ICD therapy. Events were adjudicated at the time of device interrogation by review of the treating electrophysiologist, who was blinded to the genotype. The research protocol was approved by the Duke University Institutional Review Board, and all patients consented to use of their samples for the EPGEN biorepository.
Statistical Analysis
Standard descriptive statistics were used, including percentages for discrete variables and means for continuous variables. Baseline characteristics were tested for significance, with the 2 statistic for categorical variables and with the Student t test for continuous variables. Hardy-Weinberg equilibrium for the single nucleotide polymorphism (SNP) was tested using 2 . Allele frequencies were compared between patients receiving appropriate ICD therapy and patients who did not receive appropriate ICD therapy using the Fisher exact test. Our primary analysis was a time-to-event analysis to assess the relationship between time to appropriate ICD therapy and genotype, and thus a life-table Kaplan-Meier survival analysis was performed using the log-rank statistic. Risk relationships were characterized as hazard ratios and 95% confidence intervals, generated with the use of a multivariable Cox proportional hazard model with covariates known to be associated with mortality and sudden cardiac death: age, sex, nonischemic cardiomyopathy, hyperlipidemia, hypertension, history of tobacco use, diabetes, and genotype. The assumption of proportional hazards for the regression model was not violated, as evidenced by the parallel nature of the plots of the cumulative hazard functions for the allele strata (data not shown). Further evidence of the validity of this assumption was provided by the lack of association of a time-varying covariate in the regression model (Pϭ0.92). Two-sided probability values of Ͻ0.05 were considered statistically significant. All statistical analyses were performed with SAS version 9.2 (SAS Institute, Inc, Cary, NC).
Genotyping
DNA was extracted using PureGene (Gentra Systems, Minneapolis, MN), following manufacturers standard protocol. Genotypes for rs7626962 (S1103Y) were determined using the 7900HT Taqman genotyping system (Applied Biosystems, Foster City, CA), which incorporates a standard PCR-based, dual-fluorophore, allelic discrimination assay. Assays were purchased from Applied Biosystems. QC samples, composed of 12 reference controls, were included in each quadrant of the plate. SNPs showing mismatches on QC samples were reviewed by an independent supervisor. The SNP was successfully genotyped for all of the individuals in the study. Error rate estimates for SNPs meeting QC benchmarks were Ͻ0.2%.
Results
Patient Characteristics
A total of 112 blacks who received ICDs for primary prevention were included. Mean follow-up was 865 days (interquartile range, 585 to 1131 days). The mean age was 62.8 years, and 34% of patients were women. Twenty-three patients (21%) received appropriate ICD therapy and 89 patients (79%) did not receive appropriate ICD therapy. Twelve of the 23 patients (52%) who received appropriate ICD therapy had ATP only as their classifying event. Baseline characteristics with respect to diabetes, tobacco use, hypertension, hyperlipidemia, atrial fibrillation, serum potassium level, New York Heart Association class, ejection fraction, maximum left ventricular wall thickness, or medications at time of enrollment did not differ significantly between patients that received appropriate ICD therapy and those who did not ( Table 1 ). The corrected QT duration did not differ between the 2 groups (463 versus 465 ms, Pϭ0.41). There was a higher percentage of patients classified as having nonischemic cardiomyopathy among those receiving appropriate ICD therapy (74% versus 48%, Pϭ0.02).
Association of S1103Y and ICD Therapy
Genotyping revealed a Y1103 allele frequency of 0.09, with 92 patients homozygous for the S1103 allele (SS), 19 heterozygous (SY), and 1 homozygous for the Y1103 allele (YY) (online-only Data Supplement Table 1 ). There was no departure from Hardy-Weinberg equilibrium. 2 analyses using a dominant model (at least 1 copy of the Y1103 allele) revealed a significant overrepresentation of the Y1103 allele in patients who received appropriate ICD therapy versus no appropriate ICD therapy, (8 (Figure 1 ). The presence of the Y1103 allele correlated to an unadjusted odds ratio for appropriate ICD therapy of 3.42 (95% confidence interval [CI], 1.20 to 9.80; Pϭ0.02). Although study-independent, genotype-blinded electrophysiologists adjudicated all ICD events, a sensitivity analysis excluding the 24 subjects who received only inappropriate ICD therapy was performed to account for possible errors in adjudication. Consistent with the primary analysis, this revealed an unadjusted odds ratio of 3.32 (95% CI, 1.09 to 10.07; Pϭ0.03) for appropriate ICD therapy in Y1103 carriers. When analyzed by allele status, there was no significant difference in baseline characteristics (Table 2) .
To assess the relationship between genotype and time to appropriate ICD therapy, a time-to-event survival analysis was performed. Kaplan-Meier curves diverged early and continued to diverge throughout the follow-up period showing a higher incidence of appropriate ICD therapy in Y1103 carriers (Figure 2 , log-rank Pϭ0.01). The mean time to appropriate ICD therapy for carriers was 609Ϯ59 days compared with 1057Ϯ36 days for noncarriers. Using a Cox proportional hazard model, carriers of the Y1103 allele had an age-and sex-adjusted hazard ratio of 3.50 (95% CI, 1.38 to 8.85; PϭϽ0.01) for ICD therapy compared with noncarriers (Table 3 ). An additional multivariable Cox proportional hazard model was performed adjusting for age and sex as well as nonischemic cardiomyopathy, hyperlipidemia, hyperten-sion, history of tobacco use, and diabetes and resulted in a similar hazard ratio of 4.33 (95% CI, 1.60 to 11.73; PϭϽ0.01) for appropriate ICD therapy in carriers of the Y1103 allele (Table 3 ). There were 4 deaths among patients who received appropriate ICD therapy (1 carrier of the Y1103 allele) and 15 deaths in those patients who did not receive appropriate ICD therapy (3 were carriers of the Y1103 allele). There was no association between all-cause mortality and Y1103 carrier status (Pϭ0.69).
Discussion
To the best of our knowledge, this is the first report that the S1103Y variant in SCN5A is associated with a higher incidence of ventricular arrhythmias in blacks with heart failure and reduced ejection fraction. Consistent with prior studies that have implicated this common genetic variant with druginduced long-QT syndrome (LQTS), 9 SCD with cardiomegaly, 12 and SIDS, 10, 11 this finding strengthens the evidence that this variant is proarrhythmic. The specific association between the S1103Y genotype and an increased risk of arrhythmia in heart failure may have particular significance as a novel risk factor for blacks. Although the exact mechanism by which the S1103Y variant contributes to SCD in heart failure is unclear, we propose that heart failure is an environmental stressor for Y1103 carriers. Previously, Splawski et al 9 demonstrated that the S1103Y variant causes a small, negative shift in sodium channel activation and increases peak transient current. An in silico-modeled ventricular action potential was not affected by these changes at baseline, but the addition of hERG blockade (eg, by a QT-prolonging medication) or acidosis significantly prolonged the action potential and promoted arrhythmia susceptibility. 9, 10 In our study population, we propose that the metabolic abnormalities and cellular derangements accompanying heart failure may serve as proarrhythmic stressors for Y1103 carriers. Splawski et al 9 also found that decreased extracellular potassium prolonged action potentials generated with the Y1103 allele (compared with S1103 allele) and promoted arrhythmias. Although the serum potassium at the time of event was not universally available in our data set, we did not observe a significant difference in serum potassium level at the time of implant between patients receiving appropriate ICD therapy and those patients who did not.
We found that nonischemic cardiomyopathy was more prevalent in patients who received appropriate ICD therapy. The association of the Y1103 allele was independent of this finding. Because previous studies have not shown significant differences in the rates of ICD therapy or ventricular arrhythmias between ischemic or nonischemic origins of cardiomyopathy 14 the difference may be secondary to sample size and should be investigated further during validation.
This association of S1103Y with arrhythmias in heart failure highlights increasing evidence for the general concept that certain acquired arrhythmias, such as drug-induced LQTS, manifest more commonly in individuals with a genetic predisposition; recent data suggest that up to 40% of druginduced LQTS patients harbor otherwise clinically silent ion channel mutations. 8 Arrhythmogenesis because of ion channel mutations can therefore be considered a "2-hit" model, in which specific triggers exacerbate the abnormal function of a mutant channel. For patients with an inherited arrhythmia syndrome, such as LQTS, the effects of the mutation on channel functional are more severe and require only mild arrhythmogenic triggers, such as bradycardia during sleep in LQT3 patients with SCN5A mutations. 15 In contrast, acquired arrhythmias caused by mutations in the same ion channel loci occur with more severe environmental stressors (eg, QTprolonging drugs or heart failure) on channels that are less functionally compromised.
The association of a genetic variant with life-threatening arrhythmias in heart failure may offer the possibility of genotype-specific risk-stratification strategies and targeted therapies. In the specific case of the S1103Y variant of SCN5A, which has been shown to increase the "late" or sustained Na ϩ current, 9 consideration of the use of agents such as ranolazine that diminish the sustained current to reduce arrhythmic events is worthy of speculation.
There are several limitations to our study. Often used as a surrogate for SCD in heart failure, ICD therapy had previ- ously been shown to occur more frequently than SCD in a heart failure population. 16 Second, some patients were classified as having appropriate ICD therapy if the only ICD event recorded was appropriate ATP therapy. Although a well-validated method for termination of ventricular arrhythmias, individualized programming parameters could bias detection; a number of sustained ventricular tachycardia events could have been missed with conservative device programming. 17, 18 Most importantly, given the limited sample size, these findings must be validated in an independent cohort. Our attempts to identify one were unsuccessful because of the lack of well-phenotyped cohorts with sufficient black enrollment. This fact furthers strengthens the importance of minority recruitment and enrollment in clinical and genetic cardiovascular trials. Our finding is consistent with previous reports implicating the S1103Y variant with sudden cardiac death, sudden infant death syndrome, and drug-induced LQTS and thus enhances the growing body of literature demonstrating the inherent susceptibility to potentially lethal arrhythmias in Y1103 allele carriers.
In combination with traditional risk stratification tools such as ejection fraction, ECG analysis, and medical history, 19 the addition of a genetic component could further strengthen the ability to identify heart failure patients at highest risk for sudden cardiac death and to identify mechanisms to prevent it. Given the relatively high prevalence of the S1103Y variant, this finding has a potentially large impact for the black community. The possible identification of a genetic contribution to sudden cardiac death in heart failure could establish a new paradigm and is an area fertile for further investigation.
